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(57) Abstract: Improved aerodynamical] y light panicles for vaccine delivery to the pulmonary system, and methods for their dyn- 
thesis and administration are provided. In a preferred embodiment, the aerodynamically light vaccines are made of a biodegradable 
material and have a tap density less than 0.4g/ml and a mass mean diameter between 5 um and 30 jjm. The particles may be formed 
of biodegradable materials such as biodegradable polymers. For example, the particles may be formed of a functional! zed polyester 
graft copolymer consisting of a linear .alpha.-hydroxy-acid polyester backbone having at least one amino acid group incorporated 
therein and ar least one poly(amino acid) side chain extending from an amino acid group in the polyester backbone. In one em- 
bodiment, aerodynamically light vaccine particles having a large mean diameter, for example greater than 5 um, can be used for 
enhanced delivery of a vaccine agent to the alveolar region of the lung. The aerodynamically light vaccine particles incorporating 
an immunizing agent may be effectively aerosolized for administration to the respiratory tract to permit systemic or local delivery 
of wide variety of immunizing agents. 
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TITLE OF THE INVENTION 

AERODYNAMIC A LLY LIGHT VACCINE FOR ACTIVE PULMONARY 

IMMUNIZATION 



.. • HACKGROIJND OF TKF. INVENTION 
f V ! 5 fcs'-Bi eld of the Invention : 

T he present invention relates generally to biodegradable particles of low density and 
iareesize for active immunization via the pulmonary system. 

background to the Invention: 

'H&- Biodegradable particles have been developed for the controlled-release and delivery of 

protein and peptide drugs. Langer, R., Science, 249: 1 527-1 533 (1 990). Examples include 

• !■ . . the use of biodegradable particles for gene therapy (Mulligan, R. C. Science, 260: 926- 
932 (1993)) and for 'single-shot" immunization by vaccine delivery (Eldridge et al., Mol. 
Immunol., 28: 287-294 (1991)). 

: t5. '•■ 

; ' " Aerosols for the delivery of therapeutic agents to the respiratory tract have been 

developed. Adjei, A. and Garren, J. Pharm. Res. 7, 565-569 (1990); and Zanen, P. and 
Lamm J.-W. J. Int. J. Pharm. 1 14, 1 1 1-1 15 (1995). The respiratory tract encompasses the 
upper airways, including the oropharynx and larynx, followed by the lower airways, 

20 which include the trachea followed by bifurcations into the bronchi and bronchioh. The 
upper and lower airways are called the conducting airways. The terminal bronchioli then 
divide into respiratory bronchioli which then lead to the ultimate respiratory zone, the 
,: alveoli, or deep lung. Gonda, I. "Aerosols for delivery of therapeutic and diagnostic 
. agents to the respiratory tract," in Critical Reviews-in Therapeutic Drug Carrier Systems 

! 25 ! ; > 6:27^3 13, 1990. The deep lung, or alveoli, are the primary target of inhaled therapeutic 

. ! i aerosols for systemic drug delivery. 

Inhaled aerosols have been used for the treatment of local lung disorders including 
' 1 asthma and cystic fibrosis (Anderson et al., Am. Rev. Respir. Dis., 140: 1317-1324 
30 ' • (1989)) and have potential for the systemic delivery of peptides and proteins as well 
: '.! '(Patfon and Platz, Advanced Drug Delivery Reviews, 8:179-196 (1992)). However, 
■ V pulmonary drug delivery strategies present many difficulties for the delivery of 
' macromolecules; these include protein denaturation during aerosolization, excessive loss 
- « ' : df inhaled drug in the oropharyngeal cavity (often exceeding 80%), poor control over the 
535 site of deposition, irreproducibility of therapeutic results owing to variations in breathing 
] , j Vi : Patterns, the often too-rapid absorption of drug potentially resulting in local toxic effects, 
fei^'iSi^hkgocytosis by lung macrophages. 
Vvi "•>:'••■ ' 

•Considerable attention has been devoted to the design of therapeutic aerosol inhalers to 
40 improve the efficiency of inhalation therapies. Timsina et. al., Int. J. Pharm. 101, 1-13 

• : (4-995); and Tansey, I. P., Spray Technol. Market 4, 26-29 (1994). Attention has also 

• • ;beeri given to the design of dry powder aerosol surface texture, regarding particularly the 
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need to avoid particle aggregation, a phenomenon which considerably diminishes the 
. , efficiency of inhalation therapies owing to particle aggregation. French, D. L., Edwards, 
. D. A. and Niven, R. W., J. Aerosol Sci. 27, 769-783 ( 1 996). Attention has not been given 

to the possibility of using large particle size (>5 .mu.m) as a means to improve 
r;': 5 aerosolization efficiency, despite the fact that intraparticle adhesion diminishes with 

increasing particle size. French, D. L., Edwards, D. A. and Niven, R. W. J. Aerosol Sci. 

27, 769-783 (1996). This is because particles of standard mass density (mass density near 

1 g/cm.sup.3) and mean diameters >5 .mu.m are known to deposit excessively in the 

upper airways or the inhaler device. Heyder, J. et al., J. Aerosol Sci., 17: 81 1-825 (1986). 
10 For this reason, dry powder aerosols for inhalation therapy are generally produced with 

mean diameters primarily in the range of <5 .mu.m. Ganderton, D., J. Biopharmaceutica! 

Sciences 3:101-105 (1992); and Gonda, I. "Physico-Chemical Principles in Aerosol 

Delivery," in Topics in Pharmaceutical Sciences 1991, Crommelin, D. J. and K. K. 

Midha, Eds., Medpharm Scientific Publishers, Stuttgart, pp. 95-1 15, 1992. Large 
.15 "carrier" particles (containing no drug) have been co-delivered with therapeutic aerosols 
.; to aid in achieving efficient aerosolization among other possible benefits. French, D. L., 
g^S^dwards, D. A. and Niven, R. W. J. Aerosol Sci. 27, 769-783 (1996). 

i Local and systemic inhalation therapies can often benefit from a relatively slow 

i'2p" 1 controlled release of the therapeutic agent. Gonda, I., "Physico-chemical principles in 

aerosol delivery," in: Topics in Pharmaceutical Sciences 1991, D. J. A. Crommelin and 
• K. KL Midha, Eds., Stuttgart: Medpharm Scientific Publishers, pp. 95-1 17, (1992). Slow 
t'y ..release from a therapeutic aerosol can prolong the residence of an administered drug in 

the airways or acini, and diminish the rate of drug appearance in the bloodstream. Also, 
25 ■ patient compliance is increased by reducing the frequency of dosing. Langer, R., Science, 

249:1527-1533 (1990); and Gonda, I. "Aerosols for delivery of therapeutic and diagnostic 
. : agents to the respiratory tract," in Critical Reviews in Therapeutic Drug Carrier Systems 
|5^K 6:273-313,(1990). 

! 3;0' : . 1 .The human lungs can remove or rapidly degrade hydrolytically cleavable deposited 
- ; . aerosols over periods ranging from minutes to hours. In the upper airways, ciliated 

epithelia contribute to the "mucociliary escalator" by which particles are swept from the 
airways toward the mouth. Pavia, D. "Lung Mucociliary Clearance," in Aerosols and the 
Lung: Clinical and Experimental Aspects, Clarke, S. W. and Pavia, D., Eds., 
35 Butterworths, London, 1984. Anderson et al., Am. Rev. Respir. Dis., 140: 1317-1324 
. (1989). In the deep lungs, alveolar macrophages are capable of phagocytosing particles 
soon after their deposition. Warheit, M. B. and Hartsky, M. A., Microscopy Res. Tech. 
26: 412-422 (1993); Brain, J. D., "Physiology and Pathophysiology of Pulmonary . 
Macrophages," in The Reticuloendothelial System, S. M. Reichard and J. Filkins, Eds., 
:40 Plenum, New York, pp. 3 15-327, 1985; Dorries, A. M. and Valberg, P. A., Am. Rev. 
u . V-Resp. Disease 146, 831-837 (1991); and Gehr, P. et al. Microscopy Res. and Tech., 26, 
423-436 (1993). As the diameter of particles exceeds 3 .mu.m, there is increasingly less 
, . phagocytosis by macrophages. Kawaguchi, H. et al., Biomaterials 7: 61-66 (1986); 
v. ; Krenis^L. J. and Strauss, B., Proc. Soc. Exp. Med., 107:748-750 (1961); and Rudt, S. and 
45/ Muller, R. H., J. Contr. Rel., 22: 263-272 (1992). However, increasing the particle size 
i \ ' • a '?9 minimizes the probability of particles (possessing standard mass density) entering 
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.the airways and acini due to excessive deposition in the oropharyngeal or nasal regions. 
Heyder J et al., J. Aerosol Sci., 17: 811-825 (1986). An effective dry-powder inhalation 
therapy for both short and long term release of therapeutics, either for local or systemic 
delivery requires a powder that displays minimum aggregation, as well as a means of 
£-4 avoiding or suspending the lung's natural clearance mechanisms until drugs have been 
effec&vely delivered. 

• ; 'witn' ! &spfcct to pulmonary delivery of drugs, US Patent Nos. 6,136,295; 5,985,309; 
, 5 8 7^064- and 5,'855,913 are hereby incorporated by reference for their disclosure ot 
i d ', method of deep lung delivery of agents other than vaccines. There remains, however, a 
• needfbr improved inhaled aerosols for pulmonary delivery of vaccine agents. There is a 
need for the development of vaccine carriers and compositions which are capable ot 
■ delivering the vaccine in an effective amount into the airways or the alveolar zone of the 
lung There further is a need for the development of vaccine carriers and compositions for 
use as inhaled aerosols which are biodegradable and are capable of controlled release of 
vaccines within the airways or in the alveolar zone of the lung. 



15 



• ft is 1 therefore an object of the present invention to provide improved carriers for the 
P,$S«.,';% puimonary delivery of vaccination agents. 

It is! a further object of the invention to provide inhaled aerosols which are effective 
Sslii^S- carriers for delivery of vaccination agents to the deep lung. 



l 7~y iSinother object of the invention to provide carriers for pulmonary delivery of vaccines 
25 ■ which avoid phagocytosis in the deep lung. 

It is a further object of the invention to provide carriers for pulmonary vaccine delivery 
which are capable of biodegrading and releasing the vaccine at a controlled rate. 

30 Further objects and advantages of this invention will be appreciated from a review of the 
complete disclosure. 

i . ■ ■ 
: % ■ 

i.ir\' IiVfMARY OF THE INVENTION 



! i I 



3# f Improved aerodynamically light particles for vaccine delivery to the pulmonary system, 
' and methods for their synthesis and administration are provided In a preferred 

embodiment, the particles are made of a biodegradable material, have a tap density less 
than 0 4 g/cm.sup.3 and a mean diameter between 5 .mu.m and 30 .mu.m. In one 
• embodiment, for example, at least 90% of the particles have a mean diameter between 5 
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' . > iniu.iri and 30 .mu.m. The particles may be formed of biodegradable materials such as 
: biodegradable polymers, proteins, or other water-soluble materials. For example, the 
■ ' ;particles.may be formed of a functional ized polyester graft copolymer consisting of a 
> linear f!alpha.-hydroxy-acid polyester backbone having at least one amino acid residue 
5 : inconbbrated per molecule therein and at least one poly(amino acid) side chain extending 
from aii amino acid group in the polyester backbone. Other examples include particles 
formed of water-soluble excipients, such as trehalose or lactose, or proteins. The 
aerodynamically light particles can be used for enhanced delivery of a vaccination agent 
to the airways or the alveolar region of the lung. The particles incorporating a vaccine 
1 0 agent may be effectively aerosolized for administration to the respiratory tract to permit 
systemic or local delivery of a wide variety of vaccine agents. They optionally may be 
cb-delivered with larger carrier particles, not carrying a vaccinating agent, which have for 
, example a mean diameter ranging between about 50 .mu.m and 100 .mu.m. 

? tig . DETAILED DESCRIPTION OF THE INVENTION 

tf-^J^iyifel'dfeclose a method for producing small, Jight particles, containing vaccine antigens 
^x^fz^ detivery of vaccines via the respiratory tract that protect against many diseases. In 
^l^pl^we embodi ment, standard influenza vaccine that is usually administered by 

intramuscular injection is incorporated into low-density particles about 10 micrometers in 
Sp^fe||ia^eter. This is inhaled by adults and cooperative children using a commercially 
iiJ^^P^a^^blo device developed by Alkermes. 

. k • .The approach is applicable to other attenuated or inactivated virus vaccines including, but 
:25 ' r not limited to, diphtheria, tetanus, pertussus, polio and hepatitis A & B. The system is 

. V also applicable to administration of polysaccharide vaccines, such as pneumococcal 
/yi ' polysaccharide vaccines and for polysaccharides linked to proteins such as the newer 

•^.^heumococcal vaccines and HiB (haemopholis influenza B), and live virus vaccines, such 
Vkvvf- ' ,f Aas measleSi mumps and rubella. 

: ;: 

vi'V ■ fa a preferred embodiment, MVA vectored influenza vaccine is administered according 
to the; method of this invention. This induces serum IgG and mucosal IgA antibody 
which prevents viral pneumonia and upper respiratory infection plus cell-mediated 
immunity which enhances recovery from flu infection including recovery from those 
35 viruses that may have drifted or shifted from those incorporated in the vaccine. 

Furthermore, genes from multiple pathogens are introduced into MVA so as to provide a 
multivalent,.safe, effective vaccine that may not require refrigeration. Such a vaccine 
meets the requirements of the Children's Vaccine Initiative and is ideal for the 
developing world as well as the developed world. 

40. ' . 

• The major practical advantage is that the vaccine can be administered by inhaling the 
- fluffy powder and NOT BY A SHOT. It could eventually be made available OTC. 
/ V?''.* ? :"i:UliSi9ateIy, if a Modified Vaccinia Ankara type vectored multivalent vaccine is proven to 
■: ; ^be. e^icacious, it should not require refrigeration, making it very useful in developing 

■MSI: ? f;nati t piis. y- 
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the^enefit is vaccination without injection, thereby avoiding the pain but also, in 
economically deprived areas, avoiding dangers associated with diseases spread by 
multiple use of needles (hepatitis, AIDS, etc.). For influenza, it provides protection of 
both the upper and lower respiratory tract, whereas the current vaccine usually protects 
5 only, the lung, thus the proposed vaccine is more effective in preventing spread of the 



.-. diseas.4 

m~ 



l.'p 



In certain embodiments, inclusion of a noisemaker into devices for children and a mask 
for infants is contemplated and considered desirable. 

The people of the world need vaccines. Adults need influenza vaccine annually and other 
vaccines periodically. Children need vaccines at different ages. The current influenza 
vaccine induces serum IgG antibody and prevents viral pneumonia, but frequently fails to 
protect against upper respiratory infection and spread. The present system for influenza 
is induces serum IgG antibody and also induces IgA antibody in respiratory mucus and, 
• thereby, protects both the lower and upper respiratory tracts from infection, 
j ;.•■¥■'■ .' ■ '>■■ 

'" • ; Measles vaccine is particularly advantageously administered by this system as it is 

predicted to be efficacious in the first six months of life, whereas the current vaccines 
■i- 20 ■ cannot be effectively administered before about a year of age. This leaves up to six 
|>i months vulnerability to infection. Measles vaccine delivery via the present system would 
fe. • greatly enhance the worldwide measles eradication program. In the U.S., approximately 
V : ; •' 1 00 000 000 doses of influenza vaccine are given/year. Children's vaccines are 

: ■. administered to approximately 5,000,000 children/year, some vaccines once and some 
'•-'25 three or four times/year. Demand is increasing due to the availability of vaccines for 
• " \-"y more diseases. An influenza vaccine given without a shot that prevents both upper and 
: i ; 0;^V <3ower respiratory infection might meet the demand of 200,000,000 doses/year, especially 
|^fe'.;;if.kvailable OTG. 

"M$ ThS following represent research done in humans approximately 30 years ago 
•■;' •.•! : demonstrating the efficacy of using the respiratory route for immunization: 
H&V Immunization Against Influenza, Waldman, R.H., Mann, J.J., Small, P.A. JAMA, 207, 
'.:>/;'"• 520-524 1969* An Evaluation of Influenza Immunization: Influence of Route of 
"' Administration and Vaccine Strain. Waldman, R.H. et al., Bulletin World Health 
: 35 :■■ Organizational, 543-548, 1969. However, that work did not include the present 

i : . •-"improvement of efficient delivery of the vaccine to the alveoli. Use of particles for 
■yPM- delivery of drugs to the alveoli is described in "Large Porous Particles fiwPuto^«y 
i Drug Delivery", by Edwards, D.A., Hanes, J. et al. Science, 276, 1868-1871 1997. 

'HoweVerVthdse authors did not disclose or suggest active immunization, as disclosed 

'.40:r.;:;;herein^ - :-ti 
Vi«- " i.. 5 :. • 

" :i • Focusing just on influenza, this vaccine would replace the existing inactivated flu vaccine 

'. and the live attenuated flu vaccine for adults. It is unclear whether the live attenuated or 
•;• ' the proposed vaccine would be better for children who make up a small fracUon of the 
) ; .45-" market (probably <5%). 
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^erodynamicaily light, biodegradable particles for improved delivery of vaccine agents 
;j ;to:the respiratory tract are provided. The particles can be used in one embodiment for 
•\ . : controlled systemic or local drug delivery to the respiratory tract via aerosolization. In a 

• ; . preferred embodiment, the particles have a tap density less than about 0.4 g/cm.sup.3. 

• 5 - £?. atu ^ es M tfie P a rticle which can contribute to low tap density include irregular surface 
/:.« -:texftirp arid porous structure. Administration of the low-density particles to the lung by 

; ; ; . aerosolization permits deep lung delivery of relatively large diameter immunizing 
• ; j '^aerp^ls, ibr- example, greater than 5 .mu.m in mean diameter. A rough surface texture 
; F. a P reduce particle agglomeration and provide a highly flowable powder, which is 
3- ^rosqlization via dry powder inhaler devices, leading to lower deposition in the 

5 V ^rri^^^ffioat and inhaler device. 

■ •■? ■[ .'.''.tlii'-i '! ,l '' , i * , - 



i: ■ J : '' Pfen;sr<y» and 'Size of Aerodynamical ly Light Particles 
q ; 5> :! Particle' Size 

The m^ss mean diameter of the particles can be measured using a Coulter Counter. The 
aerodynamicaily light particles are preferably at least about 5 microns in diameter. The 
• ' diameter of particles in a sample will range depending upon on factors such as particle 
( ;20 composition and methods of synthesis. The distribution of size of particles in a sample 
r-p'u vV^F'fes^ ec . ted to permit optimal deposition within targeted sites within the respiratory 
^•i-.^itrac^4|>-; 

rj [■; - .-fir *; *"■ - : V 

■ v : ; . : The aeirodynamically light particles may be fabricated or separated, for example by 
, 25: : : . filtration, to provide a particle sample with a preselected size distribution. For example, 

. : greater than 30%, 50%, 70%, or 80% of the particles in a sample can have a diameter 
I . : ■; within ?i selected range of at least 5 .mu.m. The selected range within which a certain 

• . ; percentage of the particles must fall may be for example, between about 5 and 30 .mu.m 

or optionally between 5 and 15 .mu.m. In one preferred embodiment, at least a portion of 
30 the particles have a diameter between about 9 and 1 1 .mu.m. Optionally, the particle 

: sarhplp also can be fabricated wherein at least 90%, or optionally 95% or 99%, have a 
^•'■V'-i^ 3 ^.^ wimil ? trie selected range. The presence of the higher proportion of the 
i*£ "1 aeroa>jnamically light, larger diameter (at least about 5 .mu.m) particles in the particle 
•N V* !v " ( Sana^j65enhancep the delivery of vaccinating agents incorporated therein to the deep lung. 

In onevembodiment, in the particle sample, the interquartile range may be 2 .mu.m, with a 
"... . ; mean tfiameter for example of 7.5, 8.0, 8.5, 9.0, 9.5, 10.0, 10.5, 1 1.0, 1 1.5, 12.0, 12.5, 
. 13.0 6r'.13.5 .mii.m. Thus, for example, at least 30%, 40%, 50% or 60% of the particles 

• 4 t may have diameters within the selected range 5.5-7.5 .mu.m, 6.0-8.0 .mu.m, 6.5-8.5 
40 : ;, : .mu.rf^:7.0-9.0 .mu.m, 7.5-9.5 .mu.m, 8.0-10.0 .mu.m, 8.5-10.5 .mu.m, 9.0-1 1.0 .mu.m, 

9.5-1 1J5 .mu.m, 10.0-12.0 .mu.m, 10.5-12.5 .mu.m, 1 1.0-13.0 .mu.m, 1 1.5-13.5 .mu.m, 
12.0-14.0 .mu.m, 12.5-14.5 .mu.m or 13.0-15.0 .mu.m. Preferably the said percentages of 
partic'Je ; s have diameters within a 1 .mu.m range, for example, 6.0-7.0 .mu.m, 10.0-11.0 
i : .mu;rri!or 13.0-14.0 .mu.m. 
4&." .-" . : .h ' 
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j:> Mr "\ :-- T^Ke.aerodynainically light particles incorporating a vaccine agent, and having a tap 
' 7;i ' density less than about 0.4 g/cm.sup.3, with mean diameters of at least about 5 .mu.m, are 
X'J ' ' ; ■ V rncjre capable of escaping inertial and gravitational deposition in the oropharyngeal 
Vi $ I region, and are targeted to the airways or the deep lung. The use of larger particles (mean 
V' , *:VV= v : diameter at least about 5 .mu.m) is advantageous since they are able to aerosolize more 
!• j efficiently than smaller, non-light aerosol particles such as those currently used for 
fe'!:!' ^' ; : f : inhalation therapies. 

&>$^a ■:• . j : • - 

V^^-ld ";' In/comparison to smaller non-light particles, the larger (at least about 5 .mu.m) 
vf" -.' • - aerodynamically light particles also can potentially more successfully avoid phagocytic 
eijgulfrnent by alveolar macrophages and clearance from the lungs, due to size exclusion 
of the particles from the phagocytes 1 cytosolic space. Phagocytosis of particles by 
; - : alveolar macrophages diminishes precipitously as particle diameter increases beyond 3 
£ ^ ,150 : .miiim. Kawaguchi, H. et al., Biomaterials 7: 61-66 (1986); Krenis, L. J. and Strauss, B., 
kf^ :: '-::^;'^ ^m^oc. Exp. Med., 107:748-750 (1961); and Rudt, S. and Muller, R. H., J. Contr. Rel., 
W^^iC2iv^263-272(\992). For particles of statistically isotropic shape (on average, particles of 
s4i 'V-^i ; i' : ? :: i.!^'POwder possess no distinguishable orientation), such as spheres with rough surfaces, 
i ;5^>.l the particle envelope volume is approximately equivalent to the volume of cytosolic 
'4 £® y}] , sp^ce required within a macrophage for complete particle phagocytosis. 

\&i-j*vv<" Aerodynamically light particles thus are capable of a longer-term release of a vaccinating 
agent. Following inhalation, aerodynamically light biodegradable particles can deposit in 
. ; : ' . V tellings (due to their relatively low tap density), and subsequently undergo slow 

25. k, degradation and vaccine release, without the majority of the particles being phagocytosed 
I ■ iv.- : by "alveolar macrophages. The vaccine can be delivered relatively slowly into the alveolar 
! fluid; and at a controlled rate into the blood stream, minimizing possible toxic responses 
exposed cells to an excessively high concentration of the vaccine. The 
- ji'.y v-|V: aerodynamically light particles thus are highly suitable for inhalation therapies, 
i ■ < 30; ' I particularly in controlled release applications. The preferred mean diameter for 
Sf 1 • >V.( . ;aer'o4ynamically light particles for inhalation therapy is at least about 5 .mu.m, for 
l|U^>M; .exjappie between about 5 and 30 .mu.m. 

' • ? * The'particles may be fabricated with the appropriate material; surface roughness, 
:V ' 35i diarneter and tap density for localized delivery to selected regions of the respiratory tract 
- . *v3 such as the deep lung or upper airways. For example, higher density or larger particles 
' ''!-Y: - may be used for upper airway delivery, or a mixture of different sized particles in a 
> '» sample, provided with the same or different vaccine may be administered to target 
: .:4iflEerent regions of the lung in one administration. 

i Density and Deposition 



£i The particles having a diameter of at least about 5 .mu.m and incorporating a vaccine 
: I' agent preferably are aerodynamically light. As used herein, the phrase "aerodynamically 
: tV.' 45 light particles" refers to particles having a tap density less than about 0.4 g/cm.sup.3. The 
; ■'; . tap density of particles of a dry powder may be obtained using a GeoPyc.TM. 
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/ >' . ;•:! (]#icr6metrics Instrument Corp., Norcross, Ga. 30093). Tap density is a standard measure 
: V ;\ : ; of the envelope mass density. The envelope mass density of an isotropic particle is 

. ' ^C-^.^S?^ ™ ^ mass of the P article divided by the minimum sphere envelope volume 
^^S^thiii iWhich it can be enclosed. 

^•'rfeertiar impaction and gravitational settling of aerosols are predominant deposition 
■fe* : mechanisms in the airways and acini of the lungs during normal breathing conditions. 
M ';• : Ectwarci^ :t p. A., J. Aerosol Sci. 26:293-317 (1995). The importance of both deposition 
.mechanisms increases in proportion to the mass of aerosols and not to particle (or 
: ^Xs lop ^ volume. Since the site of aerosol deposition in the lungs is determined by the 
V«£ ; 'X%'y °^ f the aerosol (at least for particles of mean aerodynamic diameter greater than 
|^w';V^:.!- 4 fPRToximately 1 .mu.m), diminishing the tap density by increasing particle surface 
'0! t .virt^gulafi^es and particle porosity permits the delivery of larger particle envelope 
^iiv^i:[i 11; VQ&nies into the lungs, all other physical parameters being equal. 

i£* V •.Vfi'^^^^ density particles have a small aerodynamic diameter in comparison to the 
^^^r'a^ai ..envelope sphere diameter. The aerodynamic diameter, d.sub.aer, is related to the 

£n#elope sphere diameter, d (Gonda, I., "Physico-chemical principles in aerosol 
i ^ •?< ^livery;" in Topics in Pharmaceutical Sciences 1991 (Eds. D. J. A. Crommelin and K. K. 
^A^^/Nftdha) ? pp. 95-1 17, Stuttgart: Medpharm Scientific Publishers, 1992) by the formula: 

(^^•■^i where the envelope mass .rho. is in units of g/cm.sup.3. Maximal deposition of 
y- v 25 monodisperse aerosol particles in the alveolar region of the human lung (.about. 60%) 
; i; j. occurs for an aerodynamic diameter of approximately d.sub.aer =3 .mu.m. Heyder, J. et 

■' al.;: J. Aerosol Sci., 17:81 1-825 (1986). Due to their small envelope mass density, the 

actual diameter d of aerodynamically light particles comprising a monodisperse inhaled 
, powder that will exhibit maximum deep-lung deposition is: 

: : : \ 30 s ' 

' ' \y d=3/.sqroot..rho. .mu.m (where .rho.<l g/cm.sup.3); 

?V.: , , ' 

(it i 1 . 1, where d is always greater than 3 .mu.m. For example, aerodynamically light particles that 

, : ( display an envelope mass density, .rho.=0. 1 g/cm.sup.3, will exhibit a maximum 

} ; ,.;35:; ; s deposition for particles having envelope diameters as large as 9.5 .mu.m. The increased 

;i: p. ar *icle size diminishes interparticle adhesion forces. Visser, J., Powder Technology, 

■'xy^rr'y ^-I'lO. Thus, large particle size increases efficiency of aerosolization to the deep lung 
: \> f°ti> a rticles of low envelope mass density, in addition to contributing to lower 

^*Tvfi»^ phagocytic losses. 

:\ ;f> : '^ : . Particle Materials 

flit '--j'.V 

"'_ ** ;.-: ;. In order to serve as efficient and safe vaccine carriers in vaccine delivery systems, the 
> ■' - : aerodynamically light particles preferably are biodegradable and biocompatible, and 
. 45 optionally are capable of biodegrading at a controlled rate for delivery of a vaccine. The 
. i; ; *. . PKtiples can be made of any material which is capable of forming a particle having a tap 
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*!i*..f:dqhsity lessthan about 0.4 g/cm.sup.3. Both inorganic and organic materials can be used. 
Vv - ; For example, ceramics may be used. Other non-polymeric materials (e.g. fatty acids) may 
y . ; ' be. usbd which are capable of forming aerodynamically light particles as defined herein. 
, ' . Different properties of the particle can contribute to the aerodynamic lightness including 
the composition forming the particle, and the presence of irregular surface structure or 
: i;; >V pores or cavities within the particle. 

• i Hyi ^ Polymeric Particles. 

■"^Kv l :> :*:.'■ 

id t^vThe particles may be formed from any biocompatible, and preferably biodegradable 
\ .i '^li: pdlymer, copolymer, or blend, which is capable of forming particles having a tap density 
i J-VE -j^idss^tlian about 0.4 g/cm.sup.3. 

' ^^^S^ae^erbding polymers such as polyanhydrides may be used to form the 
i 1 -5 : ^;>aerbdynamically light particles. For example, polyanhydrides such as poly[(p- 
I; ^"Iv^ic^px^^noxyVhexane anhydride] (PCPH) may be used. Biodegradable 
£V-X^ described, for example, in U.S. Pat. No. 4,857,3 1 1, the disclosure of 

herein by reference. 

£2Q^ bulk-eroding polymers such as those based on polyesters 

^A'^ acids) can be used. For example, polyglycolic acid (PGA) or 

.;r£ : ^.; ;p^ylacd(>acid (PLA) or copolymers thereof may be used to form the aerodynamically 
$ -^iglit partidles, wherein the polyester has incorporated therein a charged or 
Mi¥^^^cti6niiizable group such as an amino acid as described below. 

' l^lS^tlfer polymers include polyamides, polycarbonates, polyalkylenes such as polyethylene, 
polypropylene, poly(ethylene glycol), poly(ethylene oxide), poly(ethylene terephthalate), 
"V : vpoly vinyl compounds such as polyvinyl alcohols, polyvinyl ethers, and polyvinyl esters, 
V:/;, polymers of acrylic and methacrylic acids, celluloses and other polysaccharides, and 
i 50 7 : - peptides or proteins, or copolymers or blends thereof which are capable of forming 
• : < • aerodynamically light particles with a tap density less than about 0.4 g/cm.sup.3. 
- 7 Polymers may be selected with or modified to have the appropriate stability and 
. ; • (iegradation.rates in vivo for different controlled vaccine delivery applications. 

"35* -. Polyester Graft Copolymers 

In one preferred embodiment, the aerodynamically light particles are formed from 
functionalized polyester graft copolymers, as described in Hrkach et al., Macromolecules, 
28:4736-4739 (1995); and Hrkach et al., "Poly(L-Lactic acid-co-amino acid) Graft 

40 Copolymers: A Class of Functional Biodegradable Biomaterials" in Hydrogels and 

Biodegradable Polymers for Bioapplications, ACS Symposium Series No. 627, Raphael 
M. Ottenbrite et al., Eds., American Chemical Society, Chapter 8, pp. 93-101, 1996, the 
disclosures of which are incorporated herein by reference. The functionalized graft 
copolymers are copolymers of polyesters, such as poly(glycolic acid) or poly(lactic acid), 

45 and another polymer including functionalizable or ionizable groups, such as a poly(amino 
acid). In a preferred embodiment, comb-like graft copolymers are used which include a 
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^lme^ polyester backbone having amino acids incorporated therein, and poly(amino acid) 
:\ . slider chains y/.Kich extend from the amino acid residues in the polyester backbone. The 
. .'polyesters ; may be polymers of .alpha.-hydroxy acids such as lactic acid, glycolic acid, 
:$Y-y.vK^^ and hydroxy valeric acid, or derivatives or combinations thereof. 

5 r^jie inclusion 'Qfionizable side chains, such as polylysine, in the polymer has been found 
;/! : V : (to -enat of more aerodynamically light particles, using techniques for 

' ; -mi^injg micropafticles known in the art, such as solvent evaporation. Other ionizable 
[ t : • ;: : ^puj^s;;suchias amino or carboxyl groups, may be incorporated, covalently or 

; /ponc^yalentry, into the polymer to enhance surface roughness and porosity. For example, 
£: : '!;0 'y.^gWy^^^?-WyW be incorporated into the polymer. 
.' '''v.*: •' 

^'^T^j^^^^pla^^lyester graft copolymer, which may be used to form aerodynamically 
j • ..Ught;^blymeric.particles is the graft copolymer, poly(lactic acid-co-lysine-graft-lysine) 
^"l''^*:'-"'(P.£^^Lys), which has a polyester backbone consisting of poly(L-lactic acid-co-L- 

lysine) (PLAL), and grafted poly-lysine chains. PLAL-Lys is a comb-like graft 
;) •> * 71. ' Copolymer hayinjg a backbone composition, for example, of 98 mol % lactic acid and 2 
v-m'ol 9S; lysine and poly(lysine) side chains extending from the lysine sites of the 

; |?.20 r iBE^t-Lys may be synthesized as follows. First, the PLAL copolymer consisting of L- 
\: jjifc-. " jacti^aciH.units and approximately 1-2% N .epsilon. carbobenzoxy-L-lysine (Z-L-lysine) 
unitS,4S synthesized as described in Barrera et ah, J. Am. Chem. Soc, 1 15:11010 (1993). 
i : h* Rertibyal of the Z protecting groups of the randomly incorporated lysine groups in the 
: y : p poiyriier chain of PLAL yields the free .epsilon.-amine which can undergo further 
fe*9Sip chemical modification. The use of the poly(lactic acid) copolymer is advantageous since 
£ V , . itibiqdegrades into lactic acid and lysine, which can be processed by the body. The 
:^^;^^ sti PS. 6a ^ one !y sine groups are used as initiating sites for the growth of poly (amino 
§!^}!vr-&eid)^idfe chains, 

S^QK?j^e lysine xpsilon-amino groups of linear poly(L-lactic acid-co-L-lysine) copolymers 
^U'^" ; S^(Mft^^™8 opening polymerization of an amino acid N-.epsilon. carboxyanhydride 

* - Vj^^y^jB^'ducc poly(L-lactic acid-co-amino acid) comb-like graft copolymers. In a 
$M - i&referrjed piribbdirrient, NCAs are synthesized by reacting the appropriate amino acid with 
f& : W-Viphosgene. Daly et aL, Tetrahedron Lett., 29:5859 (1988). The advantage of using 
r' ; 3:5s triphosgene over phosgene gas is that it is a solid material, and therefore, safer and easier 
5L.vr' '7f$ handle. It also is soluble in THF and hexane so any excess is efficiently separated from 
B^'aI^ th^NCAs.. ■ 

' I ; - 'i V/ The ring opening polymerization of amino acid N-carboxyanhydrides (NCAs) is initiated 
rtfi0l) /bynupleophilic initiators such as amines, alcohols, and water. The primary amine 

: • initiated ring opening polymerization of NCAs allows good control over the degree of 
.» -v- ) v Jpolyrnerization when the monomer to initiator ratio (M/I) is less than 150. Kricheldorf, H. 
' 5 : R; in Models of Biopolymers by Ring-Opening Polymerization, Penczek, S., Ed., CRC 
' t ■ Press, Boca Raton, 1990, Chapter 1 ; Kricheldorf, H. R. .alpha.- Aminoacid-N-Carboxy- 
•45 Anhydrides and Related Heterocycles, Springer- Verlag, Berlin, 1987; and Imanishi, Y. in 
Ring-Opening Polymerization, Ivin, K. J. and Saegusa, T., Eds., Elsevier, London, 1984, 
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Volume 2, Chapter 8. Methods for using lysine .epsilon.-amino groups as Pfymaie 
' -i$i^piMWMv°\y™e^°™™ described » the «*• Sela > M - et al " L Am " Chem - 



W * Sn^teaction' of an amino acid NCA with PLAL, the nucleophihc primary .epsrion.- 
' : - !• : •amino of the lysine side chain attacks C-5 of the NCA leading to nng opening and 

formation of the amino acid amide, along with the evolution of CO.sub^. Propagation 
tikes place via further attack of the amino group of the amino acid amides on subsequent 
• NCAmolecules. The degree of polymerization of the poly(amino acid) side chains, the 
10 > copending, amino acid content in the graft copolymers and their resulting phys.cal and 
» 1 chemical: characteristics can be controlled by changing the M/I ratio for the NCA 
*V ^:piymWrization--that is, changing the ratio of NCA to lysine .epsilom-amino groups of 
•v ' ! Mfe-Tfcin the synthesis, the length of the poly(amino acid), such as poly(lysme), 

'ij^lapi^^thH^ 1 amino acid content in the P olvmer may be and 
'Mfi-:l^^^^^^r!^.paiticular application. 

< i/i- it''-' ^^i#^#AY' : ;-. ' ■• 

• '^•^^lyfamino acid) side chains grafted onto or incorporated into the polyester 

.backbone can include any amino acid, such as aspartic acid, alanine or lysine, or mixtures 
: ' jhereof The functional groups present in the amino acid side chains, which can be 
20 chemically modified, include amino, carboxylic acid, thiol, guanido, imidazole and 
. fcydroxyl groups. As used herein, the term "amino acid" includes natural and synthetic 

• : ' : krnind acids and derivatives thereof. The polymers can be prepared with a range of ammo 
: ■••acid side chain lengths, for example, about 10-100 or more amino acids, and with an 

■V S Kovdrair amino acid content of, for example, 7-72% or more depending on the reaction 
^^"^bnditions. The grafting of poly(amino acids) from the pLAJL backbone may be 
f ^nd^ctedin/a'solvent such as dioxane, DMF, or CH.sub.2 Cl.sub.2, or mixtmes thereof. 
|?l^|&^ jjiqeferred embodiment, the reaction is conducted at room temperature for about 2-4 

3^ ! 'lLriativel y ; the aerodynamically light particles for pulmonary vaccine delivery may be 

• formed from polymers or blends of polymers with different polyester/ammo acid 

- : backbones and grafted amino acid side chains. For example poly(lactic ac.d-co-lys«ne- 

graft^alanine-lysine) (PLAL-Ala-Lys), or a blend of PLAL-Lys with polygene ac,d-co- 
, I r ^^idZock^hyl^ oxide) (PLGA-PEG) (PLAL-Lys-PLGA-PEG) may be used. 

^feeiynthesis, the graft copolymers may be tailored to optim^ffer^t c^acte^ics 
rm^md^nBxmaMy light particle including: i) interactions between the agent to be 
•' <:SliSred and the copolymer to provide stabilization of the agent and retennon of actmty 

•> /loon delivery- ii) rate of polymer degradation and, thereby, rate of vaccine release 
;40.< i l^ll! i^urfac" characteristics and targeting capabilities via chemical modification; 
.C '['• %in&Ay) particle porosity. 

■ ' i • 

; . ■■'} F^afinn n f Ae.rodvnamir.allv Light Polymeric Particles 

45 '" Aerodynamically light polymeric particles may be prepared using single and double 
.. emulsfon ^solve J evaporation, spray drying, solvent extraction and other methods well 
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^ : " -known td;thios : e : of ordinary skill in the art. The aerodynamically light particles may be 
v. t // : ' iinade, for example using methods for making microspheres or microcapsules known in 

^^y<'Y^^i-' •■ 

'5 -' /Methods 'developed for making microspheres for drug delivery are described in the 
•/ 'VJitei-ature, for example, as described by Mathiowitz and Langer, J. Controlled Release 
V;; :/: ; -/5 r 13f22 : (;1987); Mathiowitz, et ak, Reactive Polymers 6, 275-283 (1987); and 
. j«V.^Wa^o,w.ife; -et al., J. Appl. Polymer Sci. 35, 755-774 (1988), the teachings of which are 
v^incjirporated herein. The selection of the method depends on the polymer selection, the 
10v Y ;size, external morphology, and crystallinity that is desired, as described, for example, by 
: ■ :• ] . : MatKiowitz, -et al., Scanning Microscopy 4,329-340 (1990); Mathiowitz, et al., J. Appl. 

• ! ; )\;,J^^er : Sc«;;45; 125-134 (1992); and Benita, et al., J. Pharm. Sci. 73, 1721-1724 (1984), 
; "the^eacliiiig^'ro'f which are incorporated herein. 

: 'Insolvent evaporation, described for example, in Mathiowitz, et ak, (1990), Benita, and 

. • ; \ Pat No. 4,272,398 to Jaffe, the polymer is dissolved in a volatile organic solvent, 

\ : ; !>: ' sucjfi as methylene chloride. Several different polymer concentrations can be used, for 
; "* : : 4:^^ampie, : beWeen 0.05 and 0.20 g/mi. The drug, either in soluble form or dispersed as 
1 • :,: - :1^ : ?iine.ii^icles > is added to the polymer solution, and the mixture is suspended in an 
v%&%}v. ^ueQuk-phise that contains a surface-active agent such as poly(vinyl alcohol). The 
; -ii. ; :i\ ."aqliepus phjase may be, for example, a concentration of 1% poly(vinyl alcohol) w/v in 
j %' ;r . ^. v >f ^di sti 1 led. vv ater < : The: resulting emulsion is stirred until most of the organic solvent 
:V Evaporates; leaving solid microspheres, which may be washed with water and dried 
■i" £ ■ overnight in a lyophilizer. 

Microspheres with different sizes (I- 1000 microns) and morphologies can be obtained by 
this method which is useful for relatively stable polymers such as polyesters and 
■ \ polystyrene. However, labile polymers such as polyanhydrides may degrade due to 
■* } exposure to water. For these polymers, solvent removal may be preferred. 

"]y V Solvent 'removal is primarily designed for use with polyanhydrides. In this method, the 
drug is dispersed or dissolved in a solution of a selected polymer in a volatile organic 
f\" • : solvent like methylene chloride. The mixture is then suspended in oil, such as silicon oil, 
* ' ..' by ktirring, to form an emulsion. Within 24 hours, the solvent diffuses into the oil phase 

• 35: : - and the 'emulsion droplets harden into solid polymer microspheres. Unlike solvent 

! ; . evaporation, this method can be used to make microspheres from polymers with high 
f r • . melting points and a wide range of molecular weights. Microspheres having a diameter 
i t i for-exarnple/between one and 300 microns can be obtained with this procedure. 

\*' • ' • "'" ; V*v' : j .. 't ; S *. 

; 40/'>- • Targeting of Particles 

'v '• ' Targeting molecules can be attached to the aerodynamically light particles via reactive 
. ^ ' , functional groups on the particles. For example, targeting molecules can be attached to 
; .the.amino acidgroups of functional ized polyester graft copolymer particles, such as 
it; ^5;...i : : PLAL-^ys particles. Targeting molecules permit binding interaction of the particle with 
■V sp£&fi<&eceptdr sites, such as those within the lungs. The particles can be targeted by 
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attichmerit of ligands which specifically or non-sp e cifically bind to particular targets 
S^mSSv targeting molecule! include antibodies and fragments thereof including the 
StSSctins, and hormones or other organic molecules capable of specific 
binding for example to receptors on the surfaces of the target cells. 



%:> i . Vaccine Agents: 



' •^•Jro'dylamically light polymeric aerosols are useful as earners for a variety of 
vacc«tr ag ?nts including but not limited to recombinant viral vaccines, such as 
0 recombinanfmodified vaccinia vaccine incorporating influenza virus antigens, killed 
virus vaccines, bacterial vaccines, including attenuated bactenal 

p^ 

' vnti^ aeainst which elicitation of an immune response is desired. They can be used to 
' • SMSafe S H and large viral or bacterial antigens, release encapsulated vaccines over 

^jl^SiiSs^ing an appropriate vaccine according to tins invention. 
•"' j ■■!. : & <3irii nistration : 

3^ ^l^Meles deluding a vaccine agent may be administered alone or in any appropriate 

% ■■ , paSicles,.not including a vaccine agent, the latter possessmg mass mean diameters for 
example in the range 50 .mu.m-100 .mu.m. 

Aerosol dosage, formulations and delivery systems may be .^^iS^of 
vaccine application, as described, for examp e, in Gonda I. Aerosol ; for _delivery 
therapeuuTand diagno stic £^%£SZL* 

tS^TS^S^A^^ 1985, the disclosures of which are incorporated 
' ^£££ rfwee Topically, dosages of vaccines which correspond to those in use for 

SSI!! iLter efficiency of aerosolization by aerodynamically light particles of relatively 
: J* 1 ™SSe vLcinc to be delivered than is possible with the same mass of 

^T^^L^tremZy large size of aerodynamically light aerosols deposing 
i ":, A- IRSS^^^^ vaccine losses caused by particle phagocytes,, 



3$ 
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; ; ! The use of ajerodynamically light polymeric aerosols as therapeutic carriers provides the 
benefits of biodegradable polymers for controlled release in the lungs and long-time local 
action or systemic bioavailability. Denaturation of vaccines can be minimized during 
aerpsolization since the vaccine agents are contained and protected within a polymeric 

: 5 shell. Coencapsulation of peptides with peptidase-inhibitors can minimize enzymatic 

degradation of key antigenic determinants of the vaccine. 
!. . ■ ' ' 

The present invention will be further understood by reference to the following non- 
;./ limiting examples. 

•EXAMPLE 1 

.'■'i Synthesis of Aerodynamically Light Poly[(p-carboxyphenoxy)-hexane anhydride] 
("P,CPH M ) Particles 

', jr.. 

V Aerodynamically light poly[(p-carboxyphenoxy)-hexane anhydride] ("PCPH") particles 
'/ . are synthesized as follows. 100 mg PCPH (MW .about.25,000) is dissolved in 3.0 mL 
>; > j i methylene chloride. To this clear solution is added 5.0 mL 1% w/v aqueous polyvinyl 
\;:4i alcohol (PVA, MW .about.25,000, 88 mole % hydrolyzed) saturated with methylene 
*20 ; chioride, and the mixture is vortexed (Vortex Genie 2, Fisher Scientific) at maximum 
speed for one minute. The resulting milky-white emulsion is poured into a beaker 
' , containing ^ mL 1% PVA and homogenized (Silverson Homogenizers) at 6000 RPM 
' . : ; ■ » for pne minute using a 0.75 inch tip. After homogenization, the mixture is stirred with a 

• i,, magnetic stirring bar and the methylene chloride quickly extracted from the polymer 
;'25T : a particles ;by adding 2 mL isopropyl alcohol. The mixture is continued to stir for 35 

■ . : r : i minutes^Q allow complete hardening of the microparticles. The hardened particles are 
r i collected by oentrifugation and washed several times with double distilled water. The 
'h^y -partibles are freeze-dried to obtain a free-flowing powder void of clumps. 

;tv • ■ . ■. 

■8;0 The mean diameter of this batch is 6.0 .mu.m, however, particles with mean diameters 
;. ' : ranging from a few hundred nanometers to several millimetres may be made with only 
slight modifications. Scanning electron micrograph photos of a typical batch of PCPH 
particles showed the particles to be highly porous with irregular surface shape. The 
particles have a tap density less than 0.4 g/cm.sup.3. 

% % EXAMPLE 2 

j l ; Synthesis of PLAL-Lys and PLAL-Lys-Ala Polymeric and Copolymeric Particles 

U0- Aerodynamically Light PLAL-Lys Particles 

■ * 

PLAL^Lys particles are prepared by dissolving 50 mg of the graft copolymer in 0.5 ml 
i' : dimethylsulfoxide, then adding 1 .5 ml dichloromethane dropwise. The polymer solution 

is emulsified in 100 ml of 5% w/v polyvinyl alcohol solution (average molecular weight 
45 25: KDa', ,88% hydrolyzed) using a homogenizer (Silverson) at a speed of approximately 

750,0 rpm. The resulting dispersion is stirred using a magnetic stirrer for 1 hour. 
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f FoUbWthis Period, thepH is brought to 7.0-7.2 by add.tion of 0- NN^ito. 
v: . ■ stfeindf .cohtLed for an additional 2 hours until the methylene chloride is completely 
%1 &So5feand^the particles hardened. The particles are then isolated by centnfogation at 
m :?SS'W0O«) L 10 minutes (Sorvall RC-5B). The supernatant is discarded and the 
m ' Jrlcga&ashS three times with distilled water followed by ™^f™£" 

fenfe^OWrom each time. Finally, the particles are resuspended in 5 ml of distilled 
'If: $E^£p&* frozen in liquid nitrogen, and lyophilized (Labconco freeze dryer 8) 

' ^ St lea^t 48 hours. Particle sizing is performed using a Coulter counter. Average 
t ■ Strife leSean diameters ranged from 100 nm to 14 .mu.m, depending upon processing 
m paStSs such as homogenization speed and time. All particles extubited tap densities 
rP- : s SJSSm g/cm.sup.3. Scanning electron micrograph photos of the parties showed 
K;iir th;em to be highly porous with irregular surfaces. 

iJil^^dytoamically Light PLAL-Ala-Lys Particles 

^^lE£of PLAL-Ala-Lys is completely dissolved in04mt trifluoroethanol, fc«L0ml 
^#y^ chloride is added dropwise. The polymer solution is eniulsifie ^ 100ml of 
^r--.iV.':.i^# v ;polyvinyl alcohol solution (average molecular weight 25 KDa, 80/«hy*oly«d) 
H /iiSwSator (Sonic & Materal VC-250) for 15 seconds at an output of 40 W 2 ml of 
^Sl^olution is added to the mixture and it is vortexed at the ^*fi****> 
'^^V^dS-'Tiienyxture is quickly poured into a beaker containing 100 ml 0.3APVA 
Sed for three hours allowing evaporation of the methylene chlonde. 
& : f^glecS micrograph photos of the particles showed them to possess highly 



.tK^a'SttteuUte surfaces 



i^S l^dyiiamfcklly Light Copolymer Particles 

?3|^&£ro4arnically light particles consisting of a blend ofPLAIjLys and PLGA- 
• •^. PEfe'are' I made- 50 mg of the PLGA-PEG polymer (molecular weight of PEG. 20 KJJa, 
W^SS^SoXJQK 75:25 lactide.glycolide) is completely dissolved in 1 ml 
^SofmeSane: 3 mg of poly(lactide-co-ly S ine)- P olylysine graft copoj^ .solved 
I * ml dimetbylsulfoxide and mixed with the first polymer solution. 0.2 .vA of TB 

l > 1 ■ " buffer' pH 7.6, is emulsified in the polymer solution by probe somcat.on (Sonic & 

MaSrifvC-250) for 10 seconds at an output of 40 W. To this first emulsion, 2 ml of 
" 35 - S water -b added and mixed using a vortex mixer at 4000 rpm for 60 seconds. The 
1 3 .I" Sul S d^ertion is agitated by using a magnetic stirrer for -3 .hours ^ 

■ " ; Snriite « comnletelv evaporated and microspheres formed. The spheres are then 
2^S3S3^S000 rpm for 30 min. The supernatant is discarded, the 
V^JfcSK times withdistilled water an^suspended in 5 ml of water. The 

lo^iv;|^ersfoh is frozen in liquid nitrogen and lyophilized for 48 hours. 

■'lii^bkwhich may be manipulated to alter the size distribution^ of ^the V*g-g^ 
•'•^ : noivmef concentration, polymer molecular weight, surfactant type (e.g., PVA, FbU etc.j, 
" V ^SbS^Su»i£^d mixing intensity. Variables which may be manipulated to 
45 aSr the surfJcTstepe and porosity of the particles include: polymer concentration 

: potymer mSlar weight P rate of methylene chloride extraction by isopropyl alcohol (or 
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another miscible solvent), volume ofisopropyl alcohol added, inclusion of an inner water 
. phase;, volume of inner water phase, inclusion of salts or other highly water-soluble 
molecules in the inner water phase which leak out of the hardening sphere by osmotic 
pressure, causing the formation of channels, or pores, in proportion to their concentration, 
V 5 and surfactant type and concentration. 

By scanning electron microscopy (SEM), the PLAL-Lys-PLGA-PEG particles are highly 
surface rough and porous. The particles had a mean particle diameter of 7 .mu.m. The 
blendof PLAL-Lys with poly(lactic acid) (PLA) and/or PLGA-PEG copolymers can be 
: 10 adjusted to adjust particle porosity and size. Additionally, processing parameters such as 
' \; ;: 5 r hompgenization speed and time can be adjusted. Neither PLAL, PLA nor PLGA-PEG 
^d:^^!l i ^j[?n^yi e ld?- an aerodynamically light structure when prepared by these techniques. 

"g»- EXAMPLE3 



1 



'^PSpray^Dried Particles 



ffflsjfl^^ Particles Containing Polymer and Vaccine Soluble in Common 

s 4. : ^'| ^^^^[^^^^^y^S^ PLGA particles are prepared by spray drying with vaccine 

;$t particles according to the following procedures, poly (DyLAactic- 

^^i^p-^cplic^^d)- With a molar ratio of 50:50 (PLGA 50:50, Resomer RG503, B.I. 
•"ij^fc^' /rClieiTOPal^j^oatvale, NJ.) and vaccine are completely dissolved in water or 
piSjffi^ 'dichlpromethane^at room temperature. The mixture is subsequently spray-dried through a 
i^^-frt 0.5 mrn. nozzle at«a flow rate of 5 mL/min using a Buchi laboratory spray-drier (model 
W^.' ^P»^P^» Germany). The flow rate of compressed air is 700 nl. The inlet temperature is 
W>V* t : ,: 1 set ; to30.degree.. C.and the outlet temperature to 25.degree. C. The aspirator is set to 
;*v.: ■ ./• achieyc=a":vacuum .of -20 to -25 bar. The mean particle size is approximately 5 .mu.m. 
v30 •• Larger particle size can be achieved by lowering the inlet compressed air flow rate, as 
<;V. | . well as by changing other variables. The particles are aerodynamically light, as 
jj . : i '; determined by a tap density less than or equal to 0.4 g/cm.sup.3. Porosity and surface 
?Y s : ; 'roughness can be increased by varying the inlet and outlet temperatures, among other 
'j^fe,/..* factprsr 

' ^Aerodynarnically Light Particles Containing Polymer and Vaccine in Different Solvents 



il^-;;*! ^eroijynamically light PLA particles with a vaccine agent, recombinant MVA encoding 
*5^V^iV -pfiuenza Yirus-aritigens, is prepared by spray drying using the following procedure. 2.0 

rJ/\i ."• : • •t-' J /» ■ '.' l ' • * t_ - • • l * .ft i i r\r\ r _ _ <-»rw / r» 




^•.•:i\<irieci ; ,at.a flow rate of 5 mL/min with an air flow rate of 700 nl/h (inlet 
rf:\l\f-^^peraturfr=3 , 0.degrec. C, outlet temperature=2 1 .degree. C, -20 mbar vacuum). The 
: particles arb aerodynamically light, as determined by a tap density less 0.4 g/cm.sup.3. 
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fr : :-v;'- Aerbd'vTigiriicallv -Light Vaccin e Particles 

• Aeroo&amicaliy light vaccine particles are prepared by spray drying using the following 
1 5 procedure: An immunologically effective amount of an attenuated inactivated or non- 
pathogenic recombinant viral or bacterial vaccine is dissolved m double distilled water or 
saline and spray-dried using a 0.5 mm nozzle and a Buchi laboratory spray-drier. The 
flow rate of compressed air is about 725 nl/h. The flow rate of the vaccine solution is set 
= such that, at a set inlet temperature of 97-100.degree. C, the outlet temperature is 55- 
*10 57 degree. C. The aspirator is set to achieve a vacuum of -30 mbar. The immunogenic 
'activity: of the vaccine is found to be unaffected by this process. 

^i'^ii Aerodvnamicallv Light Vac cine Particles 

W ^^^rirr^^y^cmo particles are prepared by spray drying using the following 
k I '". . . procedure. . An immunologically effective amount of vaccine is dissolved in double 
& •• distilled water or saline and spray-dried using a 0.5 mm nozzle and a Buchi laboratory 
• |' ;i S pray-drier, The flow rate of compressed air is 750 nl/h. The flow rate of the vaccine 
d issolution is set such that, at a set inlet temperature of 1 55.degree. C, the outlet 
i^'.H; tefoperature is,8p,degree. C. The aspirator is set to achieve a vacuum of -20 mbar. 

feffi ^XAMPLfe:4 -': 



%|||^gi^^U^ti6n of PLAL and PLAL-Lys Vaccine Particles 

fe^BllSSSfcon ofaerodynamically light and non-light polymeric PLAL-Lys and PLAL 
•> '■"'^iVvaccine microparticies into the lungs is evaluated in an in vivo experiment involving the 
aerpsb:lization of the microparticies into the airways of live rats. 

30 :< 'Male Spraque Dawley rats (1 50-200 g) are anesthetized using ketamine (90 
! , .mg/kgyxylazine (10 mg/kg). The anesthetized rat is placed ventral side up on a surgical 
■ . ; table provided with a temperature-controlled pad to maintain physiological temperature. 
". > , s The animal is cannulated above the carina with an endotracheal tube connected to a 
' f -Harvard Ventilator. The animal is force ventilated for 20 minutes at 300 ml/mm. 50 mg of 
r laerod^mically light (PLAL-Lys) or non-light (PLA) microparticies including vaccine 
: ;4s intrSditc'ed jinto the endotracheal tube. 

^Fii^feg&iperiod of forced ventilation, the animal is permitted to develop IgG, IgA 

Ik pre-irinoculation and post-innoculation time points are conducted on appropriate test 
• igehs to demonstrate the elicitation of appropriate humoral immune responses, while 
.; . ;>mdard cellular immune response assays are conducted to test elicitation of this 
\l ;•• r^Tpp'mp^nent'of the immune response. 



91 

rffr 
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Modifications and variations of the present invention will be obvious to those skilled in 
the^art from the foregoing detailed description. Such modifications and variations are 
•Isitj^ili^to come within the scope of the following claims. 
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waffto ' W'hat-is'oiaiirigft'is^ ij . 

'. f^'ploobl^WffWScles for delivery of a vaccine to the pulmonary system comprising 
* t V afr immunizin^agent; wherein the particles have a tap density less than 0.4 g/ml and at 
■y&il&ii 9A% of the= particles have geometric dimensions between about 5 urn and about 30 

ftfJ;Q>'»' ' : • . 

w Xf rirhc particles of claim 1 wherein the immunizing agent is selected from the group 
2 consisting of a five attenuated virus or bacterial vaccine, a recombinant virus or bacterial 
'3? ' vaccine encoding an immunizing antigen or a combination of antigens against which 
•U;, clicitationof an immune response is desired, and an inactivated virus or bacterial vaccine. 

■■: - v. — 

W • 3%he particles of claim 1 combined with large biodegradable carrier particles having a 
: '^i: ! hmassimean .diarneter in the range of about 50 .mu.m to about 100 .mu.m. 

W$0M>^W$P*$ claim 1 combined with a pharmaceutical^ acceptable carrier for 
'^■^M^t&sj^ow^fVtic respiratory tract 

lie^ic^esW claim 1 wherein at least 90% of the particles have a mass mean 
l^^ai^^erfb^elt about 5 .mu.m and about 15 .mu.m. 

|$: y: »6 :?he: particles) of claim 1 wherein at least 90% of the particles have a mean diameter 
jMv' ;;;betweeri.abt>(it 9 imam and about 11 .mu.m. 



•if. r 7;Theparticles:of claim 1 wherein at least 50% of the particles have a tap density of less 

: : >f j giifiWparticles of claim 1 wherein the particles further comprise a polymeric material. 

\ 1 9. The particles of claim 1 wherein the particles further comprise a non-polymeric 

; % material. • 

-1 ^Biocompatible particles for delivery of a targeting molecule to the pulmonary system 

• 2 wherein the targeting molecule is attached to the particles and wherein the pamcles have 

. '.V! 



0243705A2 I > 



WO 02/43705 PCT/U SO 1/46549 

20 

0.4 g/cm.sup.3, and at least 90% of the particles have geometric 
fe^ 4l^ii^F&^l^ ^stbetweieh 5 .mu.m and about 30 .mu.m. 

?f^^ for delivery of a vaccine agent to the pulmonary system 

^.''^ immunologically effective amount of a vaccine agent; wherein the 

Vv|f|ii^^ less than 0.4 g/cm.sup.3 and at least 90% of the particles have 

between about 1 .mu.m and about 5 .mu.m. 

: : ]&:;-";^;2^Thfe particles of claim 1 1 wherein the agent is selected from the group consisting of 
: &[i vaccines, bacterial vaccines, live, attenuated, recombinant, inactivated, and 

Vrcf^ 11 combined with large biodegradable carrier particles having 

tlt^r^^^i^^W ^ro^arfc -cli ameter in the range of about 50 .mu.m to about 100 .mu.m. 

9 fclaim 11 combined with a pharmaceutical^ acceptable carrier for 
respiratory tract. 

i^P^S^M^ ! ^!?^^ cIaim 11 wherein at least 90% of the P 3 * 101 ** have an aerodynamic 
^^^^^^ between -about 1 .mu.m and about 3 .mu.m. 

,-> >K!i$3fe particles of claim 11 wherein at least 90% of the particles have an aerodynamic 
•>;;. " J 2 : ' . .1 diaxheter between about 3 .mu.m and about 5 .mu.m. 

^^•^p^Sipa^des-pf claim 11 wherein at least 50% of the particles have a tap density of 

claim 11 wherein the particles further comprise a polymeric material. 

V:'":".''i : 19'i-Tbe; particles >f claim 1 1 wherein the particles further comprise a non-polymeric 
I; 1 ; 2' material..'' 

i ':' -I ; 20. p.ibcompatible particles for delivery of a vaccine and targeting molecule to the 
■', i pulmonary system wherein the targeting molecule is attached to the particles and wherein 
?1 ,3" > .;th> p>rucles.have;a tap density less than 0.4 g/cm.sup.3, and at least 90% of the particles 
W^'(<\^¥'?n- aefPtl^i^nic diameter between about 1 .mu.m and about 5 .mu.m. 
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#t ^:21^ ! A'iriethod for delivery of an actively immunizing amount of a vaccine to the 
Zfo ' piiimortary system comprising: administering to the respiratory tract of a patient in need 
1/3 thereof of an effective amount of biocompatible particles incorporating said vaccine, 
4 . wherein the particles have a tap density of less than about 0.4 g/cm.sup3 and at least 
i;-5. \ t l 9O%;0: the particles have geometric dimensions between about 5 .mu.m and about 30 

f.-. ; ;/»!H'v«;.l ■, 

- - : i|i-H ? 2:^e ; method of claim 21 wherein the agent is selected from the group consisting of 
ii\ :-r:> ; yi]fal • ^ccines, bacterial vaccines, live, attenuated, recombinant, inactivated, and 

•■ ^'-^0Mr^6^'cMm 21 wherein the particles are combined with large biodegradable 
"^^'^^fei|*pl«y^ti^- ,na8S mean diameter in the range of about 50 .mu.m to about 




c„w a „^v.. V x. w 21 for delivery to the alveolar zone of the lung wherein at least 

90% pf the particles- have a mean diameter between about 9 and about 11 .mu.m. 

Jl^ift TKe method 6fclaim 21 wherein at least 50% of the administered particles have a tap 
life(-!:density of less than about 0.1 g/cm.sup.3. 

method & claim 21 wherein the particles further comprise a polymeric material. 

i^fet^-'T&e method of claim 21 wherein the particles further comprise a non-polymenc 
^%!Wteml. 

• ; :; #3lk'inethod for -deli very of a vaccine and a targeting molecule to the pulmonary system 

2 '- comprising: administering to the respiratory tract of a patient in need of treatment, 

3 prophylaxis or diagnosis an effective amount of biocompatible particles, wherein the 
4/ . particles have a tap density less than about 0.4 g/cm.sup3 and at least 90% of the 
5VJ 5 :parrtcles have geometric dimensions between about 5 .mu.m and about 30 .mu.m, and 
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rW^TO^?^- l^Bl^PS molecule is attached to the particles which further comprise the 

'1 ■^y , Ai'^efeod- , "f&r delivery of a vaccine to the pulmonary system comprising: 
2 i^drmriisrering to the respiratory tract of a patient in need thereof of an effective amount of 
3 ./ {)ioegrhpatible particles comprising said vaccine, wherein the particles have a tap density 

: 4; • ;of les;s?.than about 0.4 g/cm.sup.3 and at least 90% of the particles have an aerodynamic 



; . i r 5 : ^i fi :! di^met^r ^etweeri" ah>out 1 .mu.m and about 5 .mu.m 



31 wherein the agent is si 
y?M;^ vaccines, live, attenuated, 

.Mn^f-' EhrrJrvnriKin nri on s ■•thereof »t 



selected from the group consisting of 
recombinant, inactivated, and 




cMm 31 wherein the particles are combined with large biodegradable 




31 wherein at least 90% of the particles have an aerodynamic 
.^i!diamete^ 1 .mu.m and about 3 .mu.m. 




.... _, Y . TJie method of claim 31 for delivery to the alveolar zone of the lung wherein at least 
' : 90% of the particles have an aerodynamic diameter between about 3 .mu.m and about 5 

SSI #4- vpciti-m; : ' 



^r' , l;: : i»,:37 / TJhe method of claim 31 wherein at least 50% of the administered particles have a tap 
^jl.i'.,./ ddrisity'of less thaii.about 0.1 g/cm.sup.3. 

; ' V • 

$i ! • ; 38/The method of claim 31 wherein the particles further comprise a polymeric material. 

iV »-•"■ ' • 

: ; 1 ' 39; The method of claim 31 wherein the particles further comprise a non-polymeric 
2, njaterial. 



'"■ 1 Uo. A method for delivery of a vaccine and a targeting molecule to the pulmonary system 
2 : qomprising: administering to the respiratory tract of a patient in need of treatment, 
Y- 3 ! prophylaxis or diagnosis an effective amount of biocompatible particles comprising said 



BNSDOCID: <WO 0243705A2_I_> 



WO 02/43705 



PCT/US01/46549' 



23 



BNSDOC1D: <WO O2A3705A2 I > 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
6 June 2002 (06.06.2002) 




PCT 



IIIIIIIIIIIIIRI 


Hill 


milium 


iiiiiii 


mi 


HUM 


milium! 



(10) International Publication Number 

WO 02/043705 A3 



(51) International Patent Classification 7 : A6IK 9/16, 

39/00, 9/72 

(21) International Application Number: PCT/US0 1/4 6549 

(22) International Filing Date: 3 December 2001 (03.12.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/250,795 1 December 2000 (01.1 2-2000) US 

(71) Applicant: UNIVERSITY OF FLORIDA [US/US]; 
1938 West University Avenue, Gainesville, FL (US). 

(72) Inventors: SMALL, Parker; 3454 NW 12th Avenue, 
Gainesville, FL 32605 (US). BENDER, Bradley, S.; 6919 
NW 20Th Place, Gainesville, FL 32605-3225 (US). 

(74) Agent: VAN DYKE, Timothy, H.; Van Dyke & Asso- 
ciates, RA., 1 630 Hillcrest Street, Orlando, FL 32803 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, KU, ID, TL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES; FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

20 February 2003 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. * . 



< 

IT) 
O 

o 



(54) Title: AERODYNAMICALLY LIGHT VACCINE FOR ACTIVE PULMONARY IMMUNIZATION 

(57) Abstract: Improved aerodynamically light particles for vaccine delivery to the pulmonary system, and methods for their dyn- 
thesis and administration are provided. In a preferred embodiment, the aerodynamically light vaccines are made of a biodegradable 
material and have a tap density less than 0.4g/ml and a mass mean diameter between 5 pm and 30 pm. The particles may be formed 
of biodegradable materials such as biodegradable polymers. For example, the particles may be formed of a functionalized polyester 
graft copolymer consisting of a linear .alpha.-hydroxy-acid polyester backbone having at least one amino acid group incorporated 
therein and ar least one poly (ami no acid) side chain extending from an amino acid group in the polyester backbone. In one em- 
bodiment, aerodynamically light vaccine particles having a large mean diameter, for example greater than 5 pm, can be used for 
enhanced delivery of a vaccine agent to the alveolar region of the lung. The aerodynamically light vaccine particles incorporating 
an immunizing agent may be effectively aerosolized for administration to the respiratory tract to permit systemic or local delivery 
of wide variety of immunizing agents. 



BNSDOCID: <WO 0243705A3J_> 



INTERNATIONAL SEARCH REPORT 



lui ii3J^ppiication Ihi 

PCT/US 01/46549 



A. CLASSIFICATION OF SUBJECT MATTER / nn imtii/q/79 

IPC 7 A61K9/16 A61K39/00 A61K9/72 



to international Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEA RCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61K 



Documentation searched other than minimum docu mentation to the extent thai such documents are inctoded in the felds searched 



Etectronic data base consulted during the inte rnational search (name ol data base and. W here practical, search terms used) 

EPO-Internal, WPI Data, PAJ, BIOSIS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 



Citation 



or document, with indication, where appropriate, of the relevant passages 



WO 00 00215 A (ALLIANCE PHARMACEUTICAL 
CORP.) 6 January 2000 (2000-01-06) 



page 5, line 1 -page 7, line 3 
page 26, line 11 - line 23 
page 55; example 1 
page 2, line 32 -page 3, line 1 

-/-- 



Relevant to claim No. 



I, 2,8,9, 

II, 12, 
15-19, 
21,22, 
28,29, 
31,32, 
37-39 
1-40 



j Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

•A* document defining the general state of the art which is not 

considered to be of particular relevance 
•E* earlier document but published on or after the international 

filing date 

•|_" document which may throw doubts on priority c^rn(s) or 
which iscfied to establish the publication date of another 
citation or other special reason (as specified) 
CT document referring to an oral disclosure, use. exhibition or 
other means 

P* document published prior to the international filing date but 
later than the priority date claimed 

Date of the actual completion of the international search 

5 November 2002 

Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRijswqk 

TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax (+31-70) 340-3016 



■X' 



later document published after the international filing date 
o? prtoray date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

' document of particular relevance; the claimed inyenhon 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 
•V document of particular relevance; the claimed invention 
^not be considered to involve an inventive ^p v^me 
document is combined with one or rwre otr^r such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the sam e patent family 
Dale of mailing of the international search report 

13/11/2002 

Authorized officer 



Benz, K 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 



1 of 2 



BNSDOC1D: <WO 0243705A3J_> 



INTERNATIONAL SEARCH REPORT 



I nternatic^J\ppiication No 

PCT/US 01/46549 



C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 97 44013 A (MASSACHUSETTS INSTITUTE OF 

TECHNOLOGY ET AL.) 

27 November 1997 (1997-11-27) 

page 1, line 10 - line 11 

page 15, line 22 - line 25 

claims 1-32 
& US 6 136 295 A 

24 October 2000 (2000-10-24) 
cited in the application 

US 2 798 836 A (BIRD ET AL. ) 
9 July 1957 (1957-07-09) 
the whole document 

GB 1 055 465 A (VANTOREX LIMITED) 
18 January 1967 (1967-01-18) 
the whole document 
page 3; example 6 

EYLES J E ET AL: "Protection studies 
following bronchopulmonary and 
intramuscular immunisation with Yersinia 
pestis Fl and V subunit vaccines 
coencapsulated in biodegradable 
microspheres: a comparison of efficacy" 
VACCINE, BUTTERWORTH SCIENTIFIC. 
GUILDFORD, GB, 

vol. 18, no. 28, August 2000 (2000-08), 
pages 3266-3271, XP004205869 
ISSN: 0264-410X 

page 3270, column 2, paragraph 2 



1-40 



1,2,11, 
12,21,22 



1,21 



Form PCT71SA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



BNSDOCID: <WO 0243705A3_I_> 



INTERNATIONAL SEARCH REPORT 



InteriRnal application No 

PCT/US 01/46549 



»~ ■ nK C0 ., ati nn. where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been 



established in respect of certain claims under Article 17(2)(a) for the following reasons: 



1 • E Sse S^y relate to subject matter not required to be searched by this Authority, name.y: 

aithonnh claims 21-40 are directed to a method of treatment of the 
Slian/fnima? Sody! the search has been carried out and based on the alleged 
effects of the compound/composition. 

2 - n re.ate to parts of the .nternational ApplicatJon that do not compfy with the prescribed requirements to such 

aSS meaningful International Search can be carried out, specifically: 



3 - D because ^ey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box 11 Observations 



where unity of invention is lacking (Continuation of item 2 of first sheet) 



This 



International Searching Authority found multiple inventions in this international application, as follows: 



1 . n As all required additiona. search fees were timely paid by the applicant this .nternationa. Search Report covers all 
I — I searchable claims. 



2. I As all searchable claims could be 



searched without effort justifying an additional fee, this Authority did not invite payment 



of any additional fee, 



o I I a s onlv some of the required additional search fees were timely paid by the applicant, this International Search Report 



4 I I No reauired additional search fees were timely paid oy me appuu^u . u ou, . ^h«- »« 
I— 1 resSS to SlnSSnflon first menttoned in the daims; it is covered by claims Nos.. 



i timely paid by the applicant Consequently, this International Search Report is 



Remark on Protest 



j [ The additional search fees were accompanied by the applicant's protest 

| 1 no protest accompanied the payment of additiona! search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



BNSDOCID: <WO 0243705A3J_> 



INTERNATIONAL SEARCH REPORT 

miormation on patent family members 


Internatio^^ppUcation No 

rLI/Uo Ul/4ob4y 


Patent document 
cited in search report 


Publication 
date 


Patent family . 
member(s) 


Publication 
date 



WO 0000215 



06-01-2000 



AU 


1 0644QQ 


A 


23—04—1 QQQ 

C-O VJH 127 27 27 


AU 


750567 


R2 


25—07—200? 


AU 


11857QQ 

X lOJ / 2727 


A 

M 


23— 04-1 QQQ 

-) L/H 1272727 


AU 


3546QQQ 


A 

M 


1 7—01 -2000 

X/ UJ, cuuu 


AU 


96770Q8 


A 
M 


04-1QQQ 

U*t 1272727 


AU 


9677298 


A 
M 


23-04-1 QQQ 


BG 


104253 


A 
M 


^o-i l-pnoo 

Ju 1 1 C\J\J\J 


BR 


9812693 


A 


99-08-2000 


CA 


230481Q 

t-«JUTU JL-7 


Al 


08-04-1 QQQ 

UO UH 1272727 


CA 


2304820 


Al 

/» X 


08-04-1 QQQ 

UO U*J 1272727 


CA 


2304973 


Al 


08-04-1QQQ 

viO Lrt 127 27 27 


CA 


2304975 


Al 


08-04-1QQQ 

UO U4 1272727 


CA 


2335940 


Al 

n x 


06-01-2000 


f N 


1 272058 

XL- / LU JO 


T 
i 


m —i i — ?oon 
Ul 11" £uuu 


EE 


2000001 Q4 


A 


1 6—04-2001 
ID UH cUUx 


EP 

LI 


1 019020 


r\ x 


i q— 07— 90on 

127 U/ CUUU 


FP 

L. 1 


1 01 9021 


Al 


i q— 07— ?oori 

±27 U/ lULIU 


FP 

LI 


1019022 


Al 

MX 


i 0—07— ?oon 


FP 

LI 


1 01 9023 


Al 

Ml 


i Q— 07— ?oon 

127 U/ £UUU 


FP 

L 1 


1 091 755 


Al 

Mi 


i ft— Od— ?ooi 

lO U4 tUUl 


UP 

niv 


20000175 


Al 


**o— OA— 9001 


.IP 


2001 51 76Q1 


T 
i 


nQ— i o— ?ooi 

U27 lu lUUI 


.IP 


2001 51 76Q2 


T 
1 


HQ— i n-9fini 

U27 1U lUUI 


NO 


20001 61 8 


A 
M 


i q— o^— ?oon 

127 uO~*£UUVJ 


M7 


503464 


A 
M 


^i—or— 9009 


PI 


3^Q7^2 
0027 / o£ 


Al 

Ml 


Ul ul lUUI 


Oix 


d4Q2nnn 

** < 427CUUU 


A** 
Mo 


i 9— oo— ?oon 
it uy-LUuu 


TR 






6l UO~lUU1 


wo 


QQ1 641 Q 

27 27104127 


Ml 


oq—o/i— i qqq 

UO UH^l 272^27 


wo 


QQ16420 

27 27 X 


Al 

Ml 


Hft— 04— 1QQQ 

UO U H I 2727 27 


wo 


9916421 


Al 


08-04-1999 


wo 


9916422 


Al 


08-04-1999 


wo 


0000215 


Al 


06-01-2000 


us 


6433040 


Bl 


13-08-2002 


us 


6309623 


Bl 


30-10-2001 


us 


2001046474 


Al 


29-11-2001 



W0 9744013 


A 


27-11-1997 


US 


5874064 


A 


23-02-1999 








AT 


215357 


T 


15-04-2002 








DE 


69711626 


Dl 


08-05-2002 








DE 


69711626 


T2 


24-10-2002 








DK 


907356 


T3 


29-07-2002 








EP 


0907356 


Al 


14-04-1999 








OP 


2000511189 


T 


29-08-2000 








PT 


907356 


T 


31-07-2002 








US 


2002141947 


Al 


03-10-2002 








WO 


9744013 


Al 


27-11-1997 








US 


6136295 


A 


24-10-2000 








US 


RE37053 


El 


13-02-2001 








US 


6399102 


Bl 


04-06-2002 








US 


6254854 


Bl 


03-07-2001 








US 


2001033828 


Al 


25-10-2001 








US 


2001033829 


Al 


25-10-2001 








US 


2001033830 


Al 


25-10-2001 


US 2798836 


A 


09-07-1957 


NONE 









GB 1055465 A 18-01-1967 NONE 



Form PCT/1SA/210 (patent family annex) (July 1992) 



. <WO O243705A3_l_> 



THIS PAGE BLANK lusPTO) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
(SfFADED TEXT OR DRAWING 
^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



HI REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (uspto) 



